Objectives. Radiographic sacroiliitis is an important outcome in SpA and is considered a hallmark to ascertain the diagnosis of AS. The aim of the current study was to investigate factors associated with the presence of radiographic sacroiliitis at baseline and the predictors of progression to AS in a family cohort of SpA.
Introduction
SpA is a frequent form of chronic inflammatory arthritis with a lifetime risk recently estimated at 0.43% in the adult Caucasian population [1] . It comprises several closely related disorders characterized by axial and/or peripheral joint inflammation, often in association with extraarticular inflammation of the eye, skin or gut. Although each of these entities is defined by specific characteristics, they share several major clinical and imaging features, as well as a genetic predisposition [2] .
Definite radiographic sacroiliitis is mandatory to fulfil the modified New York classification criteria for AS [3] . However, it may take up to several years from the onset of clinical symptoms to develop a definite radiographic sacroiliitis, leading to possible diagnosis delay [4] . To facilitate earlier identification of patients, the Assessment of SpondyloArthritis international Society (ASAS) developed new classification criteria for SpA in which radiographic sacroiliitis is not a mandatory criterion [5, 6] . Nevertheless, radiographic sacroiliitis remains a key component of the imaging arm of the ASAS criteria for axial SpA, along with sacroiliitis on MRI, according to which axial SpA can be divided into non-radiographic and radiographic axial SpA (i.e. AS) [5] .
Several studies have compared non-radiographic and radiographic axial SpA regarding epidemiology [1, 7, 8] , clinical characteristics [9, 10] , disease burden [11] and response to treatment [1115] . They support the concept of axial SpA as one entity, and non-radiographic axial SpA is often considered as an early stage of the disease, implying that sacroiliitis as ascertained on X-rays is developing over time [16] . To date, few data are available on the rate of progression from non-radiographic to radiographic axial SpA and even less on the factors associated with such progression.
The aim of the current study was to investigate factors associated with the presence of radiographic sacroiliitis at baseline in a family cohort of SpA and the predictors of progression to AS during follow-up in a large fraction of the patients without definite radiographic sacroiliitis at inclusion.
Methods

Ethics statement
This study was approved by the local ethics committees of Cochin Hospital (Paris, France) and Ambroise Paré Hospital (Boulogne-Billancourt, France). Written informed consent was obtained from each participant.
Study population
SpA patients included in this study belong to a family cohort originally constituted for genetic study purpose. This cohort consists of cases with at least one first-or second-degree SpA-affected relative, as previously described [2] . The diagnosis of SpA was originally ascertained according to the internationally validated classification criteria of Amor et al. and/or the European Spondyloarthropathy Study Group [17, 18] . Even if they were not developed at the time of recruitment, the ASAS classification criteria for axial and peripheral SpA were applied a posteriori [5, 6] .
All the patients included in the genetic study between 1998 and 2013 with an anteroposterior radiograph of the pelvis available at inclusion were included in the crosssectional study. Grading of sacroiliitis was performed according to the established scoring system of the modified New York criteria [3] by two qualified examiners (R.S.N., M.B.). Definite radiographic sacroiliitis corresponded to a grade 52 bilateral or grade 53 unilateral.
Patients who did not have definite sacroiliitis at inclusion and that could be contacted again to repeat pelvic radiographs after variable times (at least 3 years) were included in the follow-up study. For this part of the study, the same two examiners scored all the images at once (baseline and follow-up), independent of each other and without knowledge of the time order.
Intra-and interobserver agreement for the two readers (k values) was previously estimated in the range of 0.861.0 and 0.630.70, respectively [19] . Discrepancies between them were resolved by consensus.
Statistical analysis
Cross-sectional study
The association between definite radiographic sacroiliitis and clinical characteristics was examined with univariate logistic regression analysis. Baseline variables included in the analyses were the following: sex, age at disease onset, disease symptoms duration, HLA-B27 positivity, inflammatory back pain, buttock pain, peripheral arthritis, peripheral enthesitis, uveitis, psoriasis and IBD. Multivariate logistic regression models entered candidate variables (P 4 0.1 in univariate analysis). Variables retained in the final multivariate model were selected by a backward procedure.
An exploratory analysis was first performed on a single randomly selected SpA case per family, in order to avoid statistical bias due to the shared genetic background within family. Moreover, to avoid bias in patient selection, this operation was repeated 10 000 times. Results of this analysis were not different from those obtained by pooling all the family SpA cases together (supplementary Table  S1 , available at Rheumatology Online). Thus the results are shown for the latter analysis.
Longitudinal study
Differences in baseline characteristics between the nonradiographic SpA patients who were followed-up in the longitudinal study and those who were not were assessed as follows: Student's t-test was used for continuous variables and chi-square test for categorical variables.
Survival curves were estimated using the KaplanMeier method. Time 0 was defined as the date of the first pelvic X-ray. The end point for analysis was the date of the first X-ray demonstrating definite radiographic sacroiliitis. Patients who did not have radiographic sacroiliitis of this degree during the follow-up were censored on the date of the last pelvic X-ray. The association with progression to definite sacroiliitis study was assessed by Cox proportional hazards analysis. Univariate Cox proportional hazard regression models were performed for a priori determined predictors. Any predictors significant at an a level of P < 0.10 were entered into a multivariate Cox proportional hazards regression analysis. All the analyses were conducted using R software (R Project for Statistical Computing, Vienna, Austria).
Results
Cross-sectional study A total of 953 patients have been included in the crosssectional study. Detailed clinical characteristics of the patients are provided in Table 1 . At inclusion, 53.2% of patients had definite radiographic sacroiliitis, 92.1% fulfilled ASAS classification criteria for axial SpA and 7.9% fulfilled those for peripheral SpA.
We first studied axial and peripheral SpA together. Lower age at disease onset, longer disease duration, male sex, HLA-B27, inflammatory back pain, buttock pain, uveitis and lack of enthesitis were independently associated with definite radiographic sacroiliitis at inclusion (Table 2) . Except for HLA-B27, factors associated with definite radiographic sacroiliitis were the same if we considered only patients fulfilling ASAS classification criteria for axial SpA (Table 3) .
Follow-up study
Pelvic X-ray and clinical examination on follow-up were obtained for 145 of the 446 patients who did not have definite sacroiliitis at inclusion (Fig. 1) . The population included in the follow-up study was well representative of all the patients without radiographic sacroiliitis. The only significant difference between the two populations was a higher frequency of axial SpA in the follow-up cohort ( Table 1) . The delay between inclusion and final pelvic X-ray ranged from 3 to 15 years, with a median follow-up duration of 8.3 years (interquartile range 6.710.9).
None of the 13 patients with peripheral SpA that were followed up for 6.7 years on average exhibited radiographic progression. In contrast, 27% of the patients with non-radiographic axial SpA developed definite radiographic sacroiliitis (i.e. AS). In the latter group, KaplanMeier estimates of the proportion of patients with definite radiographic sacroiliitis were 24.6% (95% CI 14.9, 33.2) and 68.5% (95% CI 43.6, 82.4) after 10 and 15 years of follow-up, respectively (Fig. 2) . It is noteworthy that 6 of the 58 patients (10%) with lowgrade radiographic sacroiliitis at inclusion had a decreased grade at follow-up (4 patients initially graded 1a were subsequently graded 0, 1 patient graded 2a was graded 0 and 1 patient graded 2a was graded 1a).
Factors associated with progression from non-radiographic axial SpA to AS in multivariate analysis were low-grade radiographic sacroiliitis at inclusion and buttock pain during the follow-up, whereas arthritis onset during the follow-up was associated with a decreased risk of developing radiographic sacroiliitis (Table 4) .
Discussion
Since the introduction of the ASAS criteria for axial SpA, there has been considerable interest in determining whether patients identified as having non-radiographic Refers to the subset of patients who were followed up longitudinally. b P-values of the statistical comparison between patients without radiographic sacroiliitis at inclusion, whether followed up or not longitudinally.
c Refers to radiographic sacroiliitis 5grade 2 bilateral or grade 3 unilateral.
www.rheumatology.oxfordjournals.org axial SpA represent those with early AS or are a group with a distinct nosology and prognosis [20] . Studying the development of radiographic sacroiliitis over time in patients with non-radiographic axial SpA can help to answer this question. In this study we estimated the rate of development of definite radiographic sacroiliitis according to the modified New York criteria in 145 patients who were followed up longitudinally for 315 years. This subset was highly representative of the 446 cases of familial SpA without radiographic sacroiliitis at inclusion. After a mean follow-up of nearly 9 years, we found that none of the patients fulfilling ASAS criteria for peripheral SpA progressed to AS, whereas 27.3% of those with non-radiographic axial SpA developed definite radiographic sacroiliitis. To the best of our knowledge, this study represents one of the largest in terms of the number of patients and duration of follow-up examining the rate of progression to AS in patients fulfilling the ASAS classification criteria for SpA and lacking definite radiographic sacroiliitis at inclusion. In previous similar studies the reported rates of progression ranged from 5 to 20% [2125]: 5% in the Devenir des Spondylarthrites Indiffé rencié es Ré centes cohort (449 patients; 2 years of follow-up), 10% in the German Spondyloarthritis Inception cohort (210 patients; 2 years of follow-up), 17.6% in a population-based cohort study from the USA (83 patients; mean follow-up of 10 years), 18.3% in the ASAS cohort (357 patients; 5 years of follow-up) and 20% in a population-based study from Norway (20 patients; mean follow-up of 8 years). Interestingly, two of the recent studies reported regression of definite radiographic sacroiliitis on longitudinal follow-up in a proportion of cases [21, 24] . Whether similar events occurred in our cohort could not be answered, since the follow-up did not include patients having met definite radiographic sacroiliitis at inclusion. Noteworthy, however, is the fact that 10% of the patients with lowgrade radiographic sacroiliitis at inclusion had a lower grade at follow-up, suggesting a possible improvement. However, accurate ascertainment of subtle sacroiliitis changes is questionable, which hampers drawing definite conclusions about the reality of such radiographic regression in our setting.
Older studies performed before the introduction of the ASAS classification criteria used a variety of inclusion criteria. Sampaio-Barros et al. [26] showed that 24.3% of the patients with undifferentiated SpA progressed to AS over 510 years. Schattenkirchner and Krü ger [27] reported a 25% progression rate after a follow-up period ranging from 2 to 6 years in patients with B27-positive oligoarthritis. Progression rates to AS were higher in other reports by Mau et al. [28] (59% after 10 years), Huerta-Sil et al. [29] (42% after a mean follow-up of 3 years) and Bennett et al. [30] (33% after a mean follow-up of 7 years), but those estimates were based on relatively few SpA patients (ranging from 33 to 50 per study). Discrepancies between several studies could presumably be explained by differences in inclusion criteria, disease duration at baseline, duration of follow-up and genetic and/or environmental factors that might affect disease severity. Sixteen years ago we described the baseline characteristics of a subset of the family cohort examined herein, representing roughly one-third of those patients [2] . In that report, we observed that the frequency of radiographic sacroiliitis increased from 40% in patients with disease durations of <10 years to 86% in patients with disease durations of 520 years. We had thus inferred that the non-radiographic forms of SpA likely represented early forms of AS, although such an assumption required a prospective follow-up to be confirmed. This was the main objective of the present study, results of which are fully consistent with our earlier interpretation, by showing that as many as two-thirds of the patients without radiographic sacroiliitis at baseline have evolved towards full-blown AS over 15 years of evolution.
We also identified several factors robustly associated with the presence of definite radiographic sacroiliitis in both the entire cohort and the subset of patients fulfilling ASAS axial SpA criteria at inclusion: lower age at disease onset, longer disease duration, male sex, inflammatory back pain, uveitis and lack of enthesitis. An influence of disease duration on radiographic sacroiliitis has already been reported [2, 31] . Other studies also reported a significantly higher male:female ratio in radiographic as compared with non-radiographic axial SpA [10, 12, 22] . In contrast, previously published studies failed to identify an association of radiographic sacroiliitis with any specific SpA clinical feature, possibly because of a lower statistical power than in the present study [10, 12, 22] . A high level of CRP has also been associated with radiographic axial SpA by others [10, 12, 22, 31] . Here we did not collect The x-axis represents the years of follow-up; the y-axis represents the proportion remaining as non-radiographic axial SpA. Numbers below the plot represent the number of subjects at risk at each time.
www.rheumatology.oxfordjournals.org such information systematically and were thus unable to analyse the influence of CRP level in our study. We found that low-grade radiographic sacroiliitis at inclusion and buttock pain or lack of arthritis during the followup were independent predictors of radiographic sacroiliitis progression. Low-grade radiographic sacroiliitis and buttock pain, but not arthritis, have already been associated with the progression to AS in previous studies [26, 29] . Among other factors previously associated with the progression to AS, we did not observe the influence of HLA-B27, a finding that can be readily explained by the relatively few HLA-B27-negative patients in the familial context.
In conclusion, a progression to AS was observed in 27.3% of the 132 patients with non-radiographic axial SpA at inclusion followed-up over a mean period of nearly 9 years. Moreover, the KaplanMeier curve allowed us to estimate that this proportion would possibly reach 68.5% after 15 years of follow-up. These data confirm that progression to radiographic disease occurs most often over time in axial SpA patients. It reinforces the assumption that at least in the family context, all forms of SpA represent a single multifaceted disorder rather than a panel of distinct, albeit related, conditions [20] . The clinical significance of progression of radiographic sacroiliitis remains unanswered and it would be interesting to collect more longitudinal data to know if such progression is associated with physical function.
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